in Figure 1B . If the mutation rate is small, u Ͻ 1/N, then
per cell division [7, 17] . There are no accurate measuregatekeeper genes such as tumor suppressor (TSP) genes and oncogenes alter the growth regulatory or ments of p 0 , but existing data on inactivation of TSP genes in human cancers suggest that p 0 is of the order differentiation pathways of the cell [2] [3] [4] [5] [6] . These mutations confer a relative selective advantage to the cell, of u, perhaps slightly larger. By analogy with yeast, there should be many different genes in human cells that trigbecause the increased proliferation rate enables it to ger CIN when mutated. We denote by u c the total mutaoutcompete its wild-type neighbors. Such cells have an tion rate of acquiring CIN. Suppose there are n 1 genes increased somatic fitness. Mutations in caretaker genes that induce CIN if one allele is mutated and n 2 genes give rise to genetic instability [7] [8] [9] [10] [11] [12] . The most common that induce CIN if one allele is mutated or lost; then, form of genetic instability in human cancers is chromou c ϭ 2n 1 u ϩ 2n 2 (uϩ p 0 ). We have n c ϭ n 1 ϩ n 2 .
somal instability (CIN). Cells with CIN have an increased
The relative growth rate of CIN cells compared to nonrate of loosing or gaining whole chromosomes or large CIN cells is denoted by r. If CIN has a cost, then r Ͻ in Figure 1B . If the mutation rate is small, u Ͻ 1/N, then The function (a ) also works for a Ͻ 1, where it specifies pt ϾϾ 1. In this limit, the probability that a compartment contains only TSP Ϫ/Ϫ cells without CIN at time t is given the probability that a deleterious mutation takes over the compartment. For a TSP Ϫ/Ϫ cell, we assume a Ͼ 1.
The probability that a compartment contains only TSP Ϫ/Ϫ cells with CIN at time t is given by probability that a single cell with relative fitness a takes 
